Lipase (triacylglycerol acylhydrolase [EC 3.1.1.3.]) was extracted from the microsomal fraction of cotyledons of dark grown seedlings of Canola (Brassica napus L. cv Westar) by treatment with Triton X-100. The enzyme was partially purified by chromatography on Sephacryl S-300 and DEAE Bio-Gel and was stable when stored at -200C in 50% (v/v) glycerol. The lipase aggregated readily but the distribution of species present in solution could be controlled by nonionic detergents. A species with an apparent Mr of about 250,000 was obtained by gel filtration chromatography in the presence of 1% (v/v) Triton X-100. Lipase activity was optimal near neutral pH, and the reaction approached maximum velocity at a concentration of 0.5 to 1 millimolar emulsified triolein. The reaction rate responded linearly to temperature up to about 400C and the hydrolytic process had an activation energy of 18 kilocalories per mole. Microsomal lipase lost about 20% and 80% activity when heat-treated for 1 hour at 400C and 600C, respectively. At appropriate concentrations, the detergents Triton X-100, n-octyl-#-D-glucopyranoside, (3-[(3-cholamidopropyl-O-dimethylammonio]-1-propanesulfonate, cetyl trimethylammonium bromide, and sodium dodecyl sulfate all inhibited lipase activity. n-Octyl-k-D-glucopyranoside, however, was stimulatory in the 2 to 8 millimolar concentration range. The inhibitory effects of Triton X-100 were reversible.
During germination of Brassica napus, lipase hydrolyzes triacylglycerol storage reserves into free fatty acids and glycerol, which provide energy for seedling growth. Lipase activity has been shown to increase during B. napus germination (6, 9, 16) . Recent evidence has indicated that B. napus lipase is synthesized de novo during germination (13) , similar to maize scutellar lipase (17) . B. napus lipase is associated with both lipid bodies and microsomes. Microsomal lipase has been found to account for 75% or more of the total lipase activity in the B. napus cotyledon (6, 16) . However, there is some controversy whether lipases from these two subcellular components are in fact the same enzyme (6, 9, 15) . A recent study by Hills and Murphy (6) also were apparent in the substrate specificities of the two B. napus lipases.
Previous studies on B. napus lipase were conducted using suspensions of membrane-bound enzymes (6, 9, 16) or suspensions of acetone powders prepared from crude extracts (4, 18) . The only oilseed lipases which have been purified in soluble form are maize scutellar (10) and castor bean glyoxysomal lipases (12) . The Mr of maize lipase was about 270,000 when determined by sucrose density gradient centrifugation in 1% sodium deoxycholate (10) . Subunit Mrs of maize and coaster bean lipases have been shown to be 65,000 and 62,000, respectively, using SDS-gel electrophoresis (10, 12) . Recent immunochemical evidence, using antibodies raised against castor bean alkaline lipase, suggested that the subunit Mr of B. napus lipase was similar to that of lipases from other oilseed plants (5, 13 ). In the current study, lipase was released, in soluble form, from the microsomal fraction of germinating seedlings of B. napus L. cv Westar. The solubilized enzyme was partially purified and characterized.
MATERIALS AND METHODS Plant Material
Canola seeds (Brassica napus L. cv Westar) were surfacesterilized with 5% NaOCl and soaked in distilled water for about 16 h. Following imbibition, the seeds were allowed to germinate in the dark, at room temperature, on wet filter paper. Seedlings from 4 to 6 d post-imbibition were used as a source of lipase.
Microsome Isolation and Solubilization of Lipase
All steps were conducted at 0 to 4°C unless otherwise indicated. Cotyledons (10-40 g) were macerated with 2 to 3 parts of grinding medium for 10 min using an Ultra-Turrax apparatus (Janke and Kunkel GmbH, Hohenstaufen, FRG). The grinding medium contained 0.6 M sucrose, 1 mM EDTA, 10 mm KCI, 1 mM MgCl2, and 2 mm DTT in 0.15 M Tricine buffer (pH 7.5) (9). The resulting homogenate was filtered through a layer of Miracloth and centrifuged at 10,000g for 30 min. The supernatant was then centrifuged at 150,000g for 3 h, and the 1 50,000g pellet was used as a source of lipase. The microsomal fractions were either used fresh or stored at -20°C in 20 mm Tris-HCl buffer (pH 8.5), containing 1 mM DTT (TD buffer), and 50% (v/v) glycerol.
The microsomal pellet was washed once with about 20 mL TD buffer containing 0.15 M NaCl. The resuspended micro-Plant Physiol. Vol. 91, 1989 somal fraction was centrifuged at I0,000g for 30 min and then resuspended with 2 mL TD buffer containing 1% (v/v) Triton X-100 (TDX buffer). Following equilibration at room temperature for 30 min, the suspension was centrifuged at 10,000g for 60 min, and the supernatant was retained for further purification.
The effect of Triton X-100 concentration on the solubilization of microsomal lipase was studied in a separate experiment. Washed microsomes were suspended in TD buffer to a final concentration of 22 mg/mL. Aliquots of 20 ,uL were treated with equal volumes of Triton X-100 solutions ranging from 0 to 4% (w/v) prepared in the same buffer. Following 30 min of equilibration at room temperature, insoluble material was sedimented at 107,000g for 60 min at room temperature using an air-driven ultracentrifuge (Beckman Airfuge). The resulting supernatants were assayed for lipase activity.
Sephacryl S-300 Gel Filtration Chromatography A column (1.6 x 78 cm) of Sephacryl S-300 Superfine was equilibrated with TDX buffer. Microsomal lipase, obtained via treatment with 1% (v/v) Triton X-100, was applied to the column. The column was eluted at a flow rate of 24 mL/h and 5 mL fractions were collected. The absorbance of the column effluent was monitored at 280 nm using an ISCO UA-5 absorbance monitor equipped with two 5 mm pathlength flow cells. The instrument was adjusted to zero with TDX buffer in both the sample and reference cells to compensate for the high background due to Triton X-100.
In other experiments, solubilized microsomal lipase was chromatographed on Sephacryl S-300 in TD buffer, in the presence or absence of 0.15 M NaCl. The column was calibrated with Mr standards (Pharmacia) using TD buffer containing 0.15 M NaCl for microsomal lipase Mr estimation.
Ion Exchange Chromatography on DEAE Bio-Gel A A column (1.6 x 7.5 cm) of DEAE Bio-Gel A was equilibrated with TDX buffer and operated at a flow rate of 80 mL/h. Gel filtration fractions containing lipase activity were applied to the ion exchange column followed by about 100 mL TDX buffer. The column was washed further with 500 mL TD buffer. Partially purified lipase was eluted with 0.3 M NaCl in TD buffer. Triton X-100 concentration was determined according to a spectrophotometric procedure (3). Following ion-exchange chromatography, the combined enzyme fractions were stored in 50% (v/v) glycerol at -20°C. Glycerol was removed by dialysis against TD buffer before use of this enzyme solution in kinetic studies. Sometimes, dialyzed enzyme solutions were concentrated using solid PEG 20,000.
Protein Determination
A modification (2) of the procedure of Lowry et al. (11) was used to estimate protein content. When necessary, protein solutions were concentrated by precipitation with 10% TCA before analysis. BSA was used as a standard.
Assay of Lipase Activity
Lipase activity was assayed at 34°C using a scaled-down version of a colorimetric procedure (9, 14) . A stock of 50 mM emulsified triolein and 5% gum arabic was prepared using a sonicator as described by Lin et al. (8) . The reaction mixture (200 jiL in a 2 mL volumetric tube) containing 2.5 mM triolein, 0.25% gum arabic, 0.1 M imidazole-HCl (pH 6.5 or 7.3) or 0.1 M Tris-HCl buffer (pH 7.8) and 5 mM DTT was sonicated immediately before use. Except where indicated in the text, reactions were started by addition of 5 to 10 ,uL enzyme solution and allowed to proceed for 4 to 8 min. Appropriate controls were included. Reactions were stopped with 1.2 mL chloroform/heptane/methanol (4:3:2) (12, 14) . Assay mixtures were vortexed during fatty acid extraction, washing steps and copper-fatty acid complex formation. Phase separations were facilitated by centrifugation. A 0.6 mL portion of the final organic solvent supernatant was transferred to a 3 mL borosilicate tube and treated with 40 qL 1,5- diphenylcarbizide solution. After 20 min, absorbances were determined at 550 nm. A standard curve was prepared using oleic acid in chloroform/heptane/methanol solution. Enzyme activity was expressed as the quantity of oleic acid released per min. Thin layer chromatographic analysis of triolein confirmed that no mono-or diacylglycerols were present.
Chemicals
Octylglucoside,3 Chaps, sodium DOC, triolein, oleic acid, gum arabic, and Triton X-100 were of the highest purity available from the Sigma Chemical Co. SDS was obtained from Bio-Rad (Richmond, CA) and cetyl trimethylammonium bromide from SERVA, NY. Glycerol and polyethylene glycol 20,000 were obtained from the Fisher Scientific Co.
RESULTS

Microsome Isolation and Solubilization of Lipase
After the microsomal fraction was prepared by centrifugation at 150,000g for 3 h and resuspended in wash buffer, it was possible to pellet this fraction using a much lower centrifugal force (i.e. 10,000g for 30 min). Treatment of the microsomal fraction with TD buffer containing 0.15 M NaCl released very little lipase activity and therefore served as a convenient wash step before detergent-mediated extraction of the enzyme.
The effect of Triton X-100 concentration on the solubilization of microsomal lipase is shown in Figure 1 . High speed centrifugation (107,000g for 60 min) was used to demonstrate that the enzyme was soluble (7) . Under the experimental conditions used, maximum lipase solubilization occurred at about 0.6% (w/v) Triton X-100 corresponding to a detergent: protein ratio of about 0.6. Therefore, 1% (v/v) Triton X-100 was used routinely as a means of solubilization. Further increases in Triton X-100 concentration did not promote the The presence of Triton X-100 in the eluting buffer during gel filtration chromatography was necessary to keep the lipase from aggregating and eluting with the components near the void volume of the column (Fig. 2) . Following ion-exchange chromatography, microsomal lipase was purified about fourfold from the microsomal extract and recovered in 30 to 40% yield. This corresponded to about a 25-fold purification from the original homogenate. The specific activity of the partially purified enzyme was about 3.5 Amol oleic acid/min/mg. The ion-exchange step removed excess Triton X-100 from the enzyme preparation thus rendering the enzyme solution suitable for kinetic studies. This solution was stable for several days at 0 to 4°C and for at least 2 months when stored in 50% glycerol at -20°C.
Sephacryl S-300 gel filtration chromatography also was used to determine the Mr of microsomal lipase in different environments. Gel filtration of the microsomal extract in TDX buffer resulted in one peak of lipase activity (Fig. 2) with an apparent Mr of about 250,000. Almost all ofthe lipase activity eluted near the void volume when detergent was eliminated from the elution buffer (data not shown). The partitioning between higher and lower Mr forms of the enzyme was also influenced by salt concentration. When the eluting buffer contained 0.15 m NaCl, but no detergent, lipase activity was distributed between the void volume and the 250,000 location (Fig. 3) .
Effect of Various Parameters and Compounds on Lipase Activity
Experiments with increasing concentrations of triolein indicated that the lipase became saturated in the substrate concentration range of 0.5 to 1.0 mm (data not shown). The pH optimum for the enzyme assay was near neutral pH and was dependent on the buffer species used (Fig. 4) . For example, the assay optimum was about pH 7 using imidazole-HCl and slightly more alkaline using Tris-HCl. The latter buffer species, however, was more stimulatory in general. Lipase activity was greater in succinate-NaOH, at pH values of 5.9 and 6.4, than in the equivalent molarity of imidazole-HCl.
The velocity of the enzyme reaction increased directly with temperature to about 40°C and the activation energy for the process was 18 kcal/mole. About 20% and 80% ofthe enzyme activity was lost after heat treatment at 40°C and 60°C, respectively, for 1 h at pH 7.8. Glycerol concentrations up to 500 mM did not inhibit lipase activity. The non-ionic dependents Triton X-100 (Fig. 5A) and octylglucoside (Fig. 5B) inhibited lipase activity by about 50% at concentrations of about 0.1 mM and 15 mM, respectively. However, octylglucoside, in the 2 to 8 mM concentration range, stimulated lipase activity with a maximal stimulation of about 2-fold at 4 mM. Removal of Triton X-100 from enzyme preparations or dilution of the detergent to <80
,uM resulted in recovery of activity indicating that the effect of this detergent was reversible. Reversibility of inhibition, by detergents other than Triton X-100, was not examined. The zwitterionic detergent, Chaps, decreased activity by 50% at a concentration of about 1 mM (Fig. SB) . The anionic detergent SDS inhibited lipase activity by 50% at about 270 ,uM, whereas the cationic detergent cetyl trimethylammonium bromide was equally effective at about 35 ,uM. Attempts to use DOC proved difficult due to an unacceptably high background in the assay.
DISCUSSION
We have developed a procedure for solubilization and partial purification of microsomal lipase and have described some characteristics of the enzyme preparation. Previous research on the properties of B. napus lipases has dealt with membrane-bound forms of the enzyme (6, 9, 15, 16 ). In the current study, the nonionic detergent, Triton X-100, has proven useful in solubilizing microsomal lipase. Gel filtration chromatography of the microsomal extract, in 1% Triton X-100, separated lipase activity from higher Mr microsomal components. Ion-exchange chromatography of DEAE BioGel A, used in the purification procedure, also was an effective means of removing excess nonionic detergent from the enzyme preparation.
Solubilized lipase, exhibiting an Mr of about 250,000 in 1% Triton X-100 (Fig. 2) , would be expected to be a detergentenzyme complex (7). However, a similar Mr form of the enzyme was also detected by gel filtration in the absence of control activity was 110 nmol oleic acid/min/mL. detergent (Fig. 3) . Presumably, the quantity of detergent in the detergent-enzyme complex was relatively low or the enzyme contained some tightly bound detergent. The Mr of 250,000 for microsomal lipase was quite similar to the Mr of 270,000 reported for corn scutellar lipase by Lin and Huang (10) . In this case, the investigators determined the Mr of corn lipase using sucrose density centrifugation in the presence of 1I% DOC. Recent immunochemical evidence has indicated that B. napus microsomal lipase has a subunit Mr of 56,000 or 62,000 (5, 13) . Immunoblotting experiments in our laboratory, using anti-castor bean lipase antibodies, support this contention (data not shown).
The substrate concentration of 0. Previous reports on the pH optima for assay of B. napus lipases have not been consistent. This may in part be related to the type of buffer species used. Indeed, the pH optimum for the activity of solubilized microsomal lipase was slightly higher using Tris-HCl than imidazole-HCl. Hills and Murphy (6) have reported that certain buffer species inhibit B. napus lipases. The solubilized lipase in our study exhibited a pH optimum, for triolein hydrolysis in Tris-HCl buffer, which was similar to the optimum of pH 7.5 found by Hills and Murphy (6) for trimyristin hydrolysis in Bistris buffer by the membrane-bound microsomal enzyme. In contrast, Theimer and Rosnitschek (16) reported a pH optimum of about 9 for the microsomal-bound enzyme using a titrimetric assay. Lin and Huang (9) , however, reported a pH optimum of about 6.5, using imidazole-HCl, for total lipase activity in rapeseed homogenate. Lipase assays in our earlier experiments were conducted with the imidazole buffer species.
The oil palm mesocarp lipase appears to be the only other plant lipase where the effect of temperature on reaction rate has been reported (1) (15) included sodium deoxycholate in their reaction mixture when assaying microsomal-bound lipase since this ionic detergent was found to stimulate the enzyme. The mechanism of activation of lipase, however, needs elucidation. Undoubtedly, the use of selected detergents can lead to significant increases in the sensitivity ofthe enzyme assay. Although Triton X-100 inhibited lipase activity in our study, removing or lowering the concentration of this detergent resulted in enzyme reactivation. Thus the use of Triton X-100 during purification was warranted. Maeshima and Beevers (12) used Triton X-100 during chromatography of castor bean alkaline lipase and found that the inhibitory effect ofthis detergent was reversible. Given that Triton X-100 is an effective solubilizer of microsomal lipase, it seems that caution should be exercised when studying the effects of detergents on the assay of membranebound enzymes. It is important not to confuse lipase solubilization per se with a direct interaction of the detergent with the lipase.
This study has focused on elucidating some ofthe properties ofdetergent-solubilized B. napus microsomal lipase. The ability to release the lipase from the microsomal membrane and maintain it in solution in a reproducible form constitutes an important step towards developing a complete purification protocol.
